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@ A food freezing tunnel has an inner trough mem- 
ber 42 and a roof member 40. In order to gain 
access to the interior of the tunnel, for example for 
purposes of cleaning the tunnel, the inner trough 
member 42 is able to be raised and lowered. The 
tunnel has a spray header 16 for liquid nitrogen and 
fans 24 for circulating resulting cold nitrogen vapour. 
The tunnel has an inner trough member 70 spaced 
from the outer trough member 42. The inner trough 
member 70 has a floor 71 extending underneath the 
upper run 56 of a conveyor passing through the 
tunnel and has sides 72 which prevent direct im- 
pingement of liquid nitrogen .onto the outer trough 
member 42 and which co-operate with the roof 
member 40 to inhibit the passage of cold gas from 
within the trough member 70 over the sides 72. 
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FOOD FREEZING APPARATUS 



This invention relates to apparatus suitable for 
freeEing food. 

Nowadays, liquid nitrogen and, to a lesser ex- 
tent, liquid carbon dioxide are widely used to 
freeze food. A common method of employing the 
liquid nitrogen or liquid carbon dioxide to freeze 
food is to advance the food to be frozen on a 
conyenyor through a tunnel into which the liquefied 
gas is sprayed. Heat exchange takes place be- 
tween the liquefied gas and. the food and also 
between the food and the cold gas formed as a 
result of the vaporisation of the' liquid. Fans are 
typically employed to promote the heat exchange 
between the cold gas and the food. Food freezing 
tunnels are, for example, described in U.K. patent 
specification 2 076 952 B and U.S. patent speci- 
fication No. 4 171 625. 

Typically, conventional food freezing tunnels 
may be from 20 to 60 feet long and from two to 
four feet wide. In order to achieve good utilisation 
of the refrigerative capacity of the liquid nitrogen or 
liquid carbon dioxide.' it is necessary to ensure that 
the tunnel carcass is themnally-insulated. Although 
the most effective insulation for use at cryogenic 
temperatures is vacuum-insulation, it has not prov- 
en economically feasible to employ vacuum-insula- 
tion in food freezing tunnels. Accordingly it is con- 
ventional to employ an insulating material such as 
foamed poiyurethane in the carcass of a freezing 
tunnel, and, typically the walls of the tunnel are 
made from inner and outer spaced stainless steel 
skins with the space therebetween paci<ed with 
suitable termatly-insulating material such as 
foamed' polyurethene. Notwithstanding the pres- 
ence of this thermal insulation, there is still typi- 
cally an appreciable inleak of heat into the tunnel 
directly through the walls thereof. Such inleak of 
heat, we have found, tends to be enhanced by a 
number of phenomena. Rrst, the spray header or 
other means of injecting the liquid nitrogen or liquid 
carbon dioxide into the tunnel may spray liquefied 
gas directly at the side walls of the tunnel in the 
event that the spray header is badly designed or 
the tunnel is particularly narrow. Second, it is inevi- 
table that the fans employed in the tunnel will 
direct some flow of cold gas in the direction of the 
side walls of the tunnel carcass. Third, the liquid 
nitrogen sometimes passes through the conveyor 
belt and can collect on the floor of the tunnel itself. 
Fourth, direct inpingement of liquid nitrogen or its 
cold vapour on elastomeric seals employed to seal 
access openings to the tunnel can cause failure of 
the seal. Moreover in the kind of freezing tunnel in 
which the roof of the tunnel may be moved out of 
engagement with the rest of the tunnel housing, or 



vice versa, elastomeric seals between the two sec- 
tions, of the tunnel may become so cold that a . 
considerable 'quantity of atmospheric moisture 
freezes on its outer surfaces with the result that the 
5 tunnel sections become stuck together and consid- 
erable force needs to be applied to separate them 
again. 

It is an aim of the present invention to provide 
an improved tunnel which ameliorates the above- 
70 mentioned problems by inhibiting contact between 
the liquefied gas or its cold vapour and the sides of 
the tunnel. 

According to the present invention there is 
provided apparatus suitable for freezing food, com- 
15 prising a tunnel defined by an outer trough mem- - 
ber and a roof; a conveyor extending through the 
tunnel from its entrance to its exit and having an 
upper run and a lower run; means for introducing 
liquefied gas into the tunnel; means for creating in 
20 the tunnef turbulence in cold gas formed as a result 
of vaporisation of the liquefied gas; and an inner 
trough member spaced from the outer trough, hav- 
ing a floor extending underneath the upper run of 
the conveyor and having sides which prevent direct 
25 impingement of liquefied gas onto the outer trough 
and which cooperate with said roof member to 
inhibit the passage of cold gas from within said 
inner trough member over said sides. 

In one embodiment of an apparatus according 
30 to the invention the said sides engage the roof or 
complementary projections therefrom. For exam- 
ple, the roof member may have a pair of downward 
projections or lugs, each of which engages one 
face of a resilient stainless steel sealing member, 
35 another face of said sealing member being en- 
gaged by the inner trough member, whereby a 
fluid-tight sea! is formed between the inner trough 
member and the roof member. It is to be appre- 
ciated, however, that it is not essential to the inven- 
40 ■ tion for there to be such seals, but if there is a 
small but steady flow of gas over the sides of the 
inner trough, the inner trough will be less effective. 
In another embodiment of apparatus according to 
the invention, there is no direct contact between 
45 the roof and outer trough members, but rather 
engagement through the inner trough member and 
longitudinal sealing members depending internally 
of the tunnel from the roof member, said outer 
trough member being adapted to bias the sides of 
so the inner trough into contact with the respective 
sealing members. 

The invention is particularly applicable to the 
kind of freezing tunnel in which the outer trough 
member is separable from the roof member, and 
particularly to the examples of such kind of tunnel 
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in which the outer trough member is vertically 
reciprocable between an upper position in which it 
engages the roof member and a lower position in 
which access is able to be gained to the interior of 
the tunnel through the sides thereof. 

Preferably, in such a tunnel in accordance with 
the invention, the outer trough member makes an 
engagement with the roof member at a level above 
the upper conveyor run. The use of the inner 
trough makes it possible to do without . any 
elastomeric sealing member at this position be- 
tween the outer trough member and the roof mem- 
ber. 

In order to facilitate cleaning of the tunnel after 
its use, the sides of the inner trough are preferably 
hinged so that they may be lowered when the outer 
trough is in its lower position. In practice, however, 
it Is generally necessary to employ a support frame 
for the tunnel of a kind having legs which extend 
upwards to the level of the roof member. Such legs 
would obstruct the sides of the inner trough mem- 
ber in the event that they were each made as a 
one-piece constructions. ■ Accordingly, the sides of 
the inner trough member are preferably made of 
several separately hinged parts. 

In order to be particularly effective in lengthen- 
ing the path that the cold nitrogen or other gas has 
to take to flow from the region in the tunnel into 
which the liquefied gas is sprayed or otherwise 
introduced to the space between the inner and 
outer troughs, the inner trough preferably extends 
from a region at or near the entrance to the tunnel 
to a region at or near the exit from the tunnel. In 
the . event that the floor of the inner trough is 
located underneath the lower run of the endless 
conveyor, the caternary of the belt may limit the 
extent of the lower trough. We therefore prefer that 
the floor of the inner trough should extend between 
the upper and lower belt runs. 

Apparatus according to the invention will now 
be described, by way of example, with reference to 
the accompanying drawings, in which: 

Rgure I is a perspective view, partially cut 
away, and schematic, of a freezing tunnel, accord- 
ing to the invention. 

Figure 2 is a schematic perspective view, 
partly cut away, of a central length of the tunnel 
shown in Rgure I; 

Rgure 3 is a schematic perspective view 
similar to that of Rgure 2, but with the trough of the 
tunnel in its lov/er position; 

Rgure 4 is a schematic section through the 
line IV - IV in Rgure 2; 

Rgure 5 is a schematic section through the 
line V-V in Rgure 2; 



Figure 6 is a cut-away, schematic, perspec- 
tive view of part of the tunnel shown in Figures I to 
5, .illustrating the support means for the tunnel 
conveyor and tunnel sleeve. 
5 Figure 7 is a schematic sectional elevation of 

a detail of an alternative embodiment of tunnel to 
that shown in Rgures 1 to 6; arid 

Figure 8 is a schematic perspective view of 
a detail of a further alternative embodiment of 
10 tunnel to that shown in Figures 1 to 6. 

Figure 9 is a schematic perspective view of 
the tunnel raising and lowering mechanism of an- 
other alternative embodiment of tunnel to that 
shown in Figures I to 6. 
15 Figure 10 is a schematic sectional elevation 

of the trough and roof of a further alternative em- 
bodiment of tunnel, part of the trough being shown 
in its raised position and part in its lowered posi- 
tion. 

20 The drawings are not to scale. 

Referring to Figure I of the drawings, there is 
illustrated a food product freezing tunnel 10 includ- 
ing an elongate tunnel housing II through which a 
food product conveyor 12 extends from a food 

25 .product entrance end 14 to an exit end 15. Within 
the tunnel housing II, a liquid nitrogen spray header 
16 or other suitable liquid nitrogen introduction 
means is provided for introducing liquid nitrogen 
into the tunnel 10. The spray header 16 is located 

30 near the tunnel exit 15. Although the ensuing de- 
scription refers to the use of liquid nitrogen in the 
tunnel to provide the necessary cooling to freeze 
the food products, it Is to be appreciated that liquid 
carbon dioxide may be used for this purpose in- 

35 stead of liquid nitrogen. 

At the entrance end 14 of the tunnel 10. an 
exhaust plenum 17 is connected to an exhaust 
stack 18 that extends up through the roof 19 of the 
building in which the tunnel is located. An exhaust 

40 blower 21 is mounted at the top of the stack 18. In 
the illustrated construction, there is^ a rain-proof 
housing 22 over the top of the stack 18. In opera- 
tion, the blower 21 exhausts to the atmosphere in 
the direction of arrow A nitrogen in the tunnel 10.' 

45 The tunnel 10 further includes a plurality of 
turbulence fans 24 arranged in two rows along the 
length of the tunnel. The fans 24 are employed if 
desired in conjunction with a series of associated 
baffles (not shown), though if desired the baffles 

50 (not shown) may be omitted, to create turbulence 
in the nitrogen vapour formed by evaporation of the 
liquid nitrogen sprayed into the tunnel, and thus to 
facilitate cooling of food product 26 as the' food 
product is conveyed through the tunnel by the 

55 conveyor 12. The food product 26 may comprise 
hamburger patties, steaks, chicken pieces, vegeta- 
ble patties, or other food products that are able 
successfully to be frozen. At an intermediate loca- 
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tion within the tunnel, preferably about midv/ay 
between the spray header 16 and the exhaust ple- 
num 17, there is a variable speed directional blower 
27. The blower 27 effectively controls the propor- 
tionate flow of nitrogen vapour or gas towards the 
entrance and exit ends of the tunneL Thus, increas- 
ing the speed of blower 27 increases the flow of 
gas toward the food product entrance 14, which is 
also the gas exhaust end of the tunnel 10. 

A liquid nitrogen supply (not shown) is con- 
nected to the tunnel 10 through a liquid nitrogen 
supply pipe 31 provided with a thermally-insulating 
jacket 32. The liquid nitrogen supply pipe 31 is also 
provided with a pneumatically actuated regulating 
valve 33 to control the flow of liquid nitrogen into 
the tunnel 10 through the spray header 16. A tem- 
perature sensor 34 is positioned in the tunnel hous- 
ing 11, preferably at a location intermediate the 
spray header 16 and directional blower 27, and is 
connected to a control system (not shown) that 
controls the rate of introduction of liquid nitrogen 
into the tunnel 10 by controlling the operation of the 
valve 33. 

As thus far described the tunnel 10 is generally 
conventional: it is similar to the food product freez- 
ing tunnel described in detail in U.S. patent No. 4 
171 625. The food product 26 is deposited on con- 
veyor !2 at the. entrance end 14 of the tunnel 
housing 11. As the food product advances into the 
tunnel 10. it is progressively chilled by cold nitrogen 
gas that is brought into contact with it by operation 
of the circulation fans 24 and baffles 25. Thus, by 
the time food product reaches the spray header 15, 
it is already quite cold and may be starting to 
freeze at Its surface. At the spray header 15, the 
food product is subjected to an intense spray of 
liquid nitrogen and ^freezIng is completed quite rap- 
idly. Shortly thereafter the frozen food product 26 
is discharged from the exit end 15 of the tunnel 10. 

During operation, and still in accordance with 
conventional practice, the speed of directional 
blower 27 may be varied to accommodate chang- 
ing conditions within the tunnel, such as a variation 
in the rate of product flow.' This has most often 
been accomplished by sensing the rate of flow of 
liquid nitrogen into the tunnel and adjusting the 
blower speed as a airect function of the liquid 
nitrogen flow rate. 

It is to be appreciated that there are many 
different arrangements of fans and blowers that 
may be employed to obtain good heat transfer 
from the food product to the gas in the tunnel and 
hence to achieve efficient utilisation of the liquid 
nitrogen. 

Novel features of the tunnel according to the 
invention will now be described with reference to 
Figures 2 to 8 of the drawings.* 



In order to maintain high standards of hygiene, 
it is desirable that the tunnel be easy to. clean, for 
example by flushing with steam, after it has been 
used and allowed to return to ambient temperature. 

5 As shown in Rgures 2 to 4, the tunnel housing 11 
comprises a fixed elongate roof member 40 and a 
lower complementary elongate trough member 42 
which is able to be displaced from an upper posi- 
tion (as shown in Figures 2 and .4) in which it 

TO engages the roof member 40, this position being 
the one that the trough member 42 has in normal 
use of the tunnel 10 to freeze food products, to a 
lower position (as shown in Figure 3) in which the 
trough member 42 is apart from the roof member 

75 40, this position being the one. that the trough 
member 42 has when the tunnel is to be cleaned. 
The means provided for raising and lowering the 
trough member 42 will be described below. 

The trough ^member 42 comprises (as shown in 

20 Figure 5) an inner skin 44, an outer skin 46, and 
thermal insulation 48 such as expanded polyure- 
thane foam filling the space between the inner and 
outer skins 44 and 46 respectively. Typically, the 
skins 44 and 45 may comprise relatively thin gauge 

25 stainless steel sheet. 

As shown in Figures 2, 4 and 6, the trough 
member 42 has generally vertical elongate sides 
50. With reference to Figure 6, each side 50 has a 
top face 52 sharing a common edge 56 (see Figure 

30 6) with a sloping internal face 54 that slopes ddwn- 
- wards a short distance from the edge 56 to an 
edge 58 (see Figure 6) of a generally vertical 
surface 60. The faces 52 and 54 when the trough 
^ member 42 is in its upper position engage com- 

35 plementary faces 62 and 64, respectively, of the 
roof member 40. The engagement is not gas-tight 
but any leakage of gas from the interior of the 
tunnel 10 between the engaging faces to the ex- 
terior of the tunnel 10 is minimal in its operation to 

40 freeze food products. 

Thus, preferably, no elastomeric or like sealing 
member is engaged betv/een the faces 52 and 54 
on the one hand and the complementary faces 62 
and 64 on the other hand, although, if desired. 

45 such a sealing member may be employed. If de- 
sired, however, electrically heated tapes (not 
. shown) may be disposed at chosen locations along 
but within the faces 52 and 54 so as to be effective 
to prevent the accumulation of ice on the external 

50 surfaces. Excessive quantities of such ice tend to 
cause the trough member 42 to stick to the roof 
member 40 sufficiently firmly for lowering of the 
trough member 42 to be prevented or hindered and 
thus with such quantities of ice present, it may be 

55 necessary to wait an undesirably long period of 
time after a food freezing operation has been end- 
ed before lowering the trough member to gain 
access to the interior of the tunnel. However, with 
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the use of the electrically heated tapes, ice forma- 
tion may be prevented. Moreover, as will be ex- 
plained below, the tunnel is constructed so as to 
impede the flow of liquid nitrogen or its cold vapour 
towards the engaging faces of the roof member 40 5 
and the trough member 42 and thereby limit the 
rate of formation of ice between the engaging 
members and thereby limit the rate of formation of 
ice between the engaging members. 

Referring again to Figure 4, it can be seen that lo 
the engaging surfaces of the roof member 40 and . 
trough member 42 are at a level above the upper 
run 66 of the conveyor, belt 12. These surfaces are 
thus in a position such that spray from the over- 
head spray-header 16 is directed away from them. rs 
There is thus substantially no risk of direct im- 
pingement of the liquid nitrogen on these engaging 
surfaces in operation of the tunnel 10. Moreover, as 
shown in Figures 2 to 4 and Figure 6, the trough 
section 42 is provided with a complementary inner 20 
trough or sleeve 70 (or Miner* as we sometimes 
also call it) which extends from near the entrance 
and of the tunnel 10 to near the exit end thereof. 

A freezing tunnel having such an inner trough 
is the subject of our copending application entitled 25 
'Food freezing apparatus' of the same date as this 
application. As shown in Figure 2, the sleeve is 
located between the inner surface of the trough 
member 42 and the lower run 68 of the conveyor 
belt 12, (For ease of illustration the belt 12 is omitted 30 
from Figure 6.) In consequence, the sleeve 70 is 
not able to extend for the whole length of the 
tunnel 10'. its extent at the exit end being limited by 
the catenary of the belt. The flow regime is ar- 
ranged so as to keep down the flow of cold nitro- 35 
gen out of the end of the sleeve 70 near the exit 
end 15 of the tunnel, but such cold, nitrogen that 
does follow such a path will be withdrawn by the 
exhaust blower 21 as the plenum 17 communicates 
with the space defined between the sleeve 70 and 40 
the trough member 42. Moreover, at the entrance 
end 14 of the tunnel, the interior of the sleeve 70 
exhausts into the plenum 17. 

The sleeve 70 has sides 72 spaced from and 
complementary to the sides 50 of the trough mem- 45 
ber 42. At the top of each side 72, the sleeve 70 is 
demountably attached to a resilient or spririgy elon- 
gate, L-shaped rail 74 which is fixed to a com- 
plementary downward projection or lug 76 from the 
roof member 40. The sides of the sleeve 70 prefer- . 50 
ably make a substantially gas tight seal with the 
respective rails 74 such that in operation of the 
tunnel the flow of cold gas from within the sleeve 
70 through the seals between the tops of the sides 
72 and the rails 74 is substantially prevented and 55 
thus the main route for passage or infiltration of 
cold gas from within the sleeve 70 to the space 
between the sleeve 70 and the inner surfaces of 



the trough member 42 is along the interior of the 
sleeve and out through its ends. The sleeve 70 
thus acts as a considerable barrier to the flow of 
cold gas from the vicinity of the spray-header 16 to 
the inner surfaces of the trough member 42. We 
believe that a number of practical advantages ac- 
crue from the presence of the sleeve 70. First, the 
tendency for ice .to form at the engaging surfaces 
of the roof member 40 and the trough member 42 
is reduced. Second, it is typically possible to cool 
down the tunnel from ambient temperature to a 
chosen operating temperature below 0**C more 
rapidly than in conventional tunnels. Third, more 
efficient utilisation of the cold of the liquid nitrogen 
is made possible, partly because liquid nitrogen 
cannot spray directly onto the trough member. 
Fourth, food debris is retained by the inner trough 
where it can be easily removed. Fifth, it is not 
necessary to have a sealing engagement between 
the trough member and the roof member. More- 
over, the sealing engagement between each side 
72 and complementary rail is applied horizontally 
and is relatively low thus reducing the force re- 
quired to close the tunnel. 

As shown in Figure 6, the sides 72 of liner or 
sleeve 70 are hinged in the longitudinal direction at- 
78. This construction enables access to be gained 
at the innermost parts of the tunnel once the trough 
member 42 has been lowered. Once the trough 
member 42 has been lowered, the sides 72 of the 
sleeve 70 may be detached from the rails 74. (For 
example, latches (not shown) may be employed to 
attach the sides 72 of the sleeve 70 to the rails 
74.) The sides 72 may then be lowered from their 
vertical position as shown in Figures 2, 4 and 6 to 
the generally horizontal position shown in Figure 3. 

The tunnel 10 has a frame 80 wjth legs 82 that 
serves to support the weight of the tunnel. As 
shown in Figure 3. those parts 84 of the sides 72 of 
the sleeve 70 that are adjacent the legs 82 are not 
hinged. Preferably, the hinged sections of the sides 
72 when in their upright portions engages the re- 
spective fixed parts 84 in a substantially gas tight 
manner so as to minimise the flow of gas there- 
between. 

Referring again to Figure 6, there are shown 
one pair of conveyor belt support rods 86 and 88. 
The rod 86 is adapted to support the upper belt run 
(not shown in Figure 6) and the rod 88 to support 
the lower belt run (not shown in Figure 6). The rods 
86 and 88 extend between a pair of hangers 90 
(only one of which is shown in Figure 6) which are 
fixed to the respective projections 76 on either side 
of the longitudinal axis of the tunnel 10. Thus, when 
the trough member 42 is lowered the conveyor 12 
remains in the same position. 
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The hangers 90 are also employed to support 
the sleeve 70. Each hanger 90 has an inclined 
inwardly-extending flange 92 to which a comple- 
mentary face of the sleeve 70 is bolted or other- 
wise secured. The sleeve 70 is thus independent of 
the trough member 42 and thus rennains in the 
position shown in, for example, Figure 6 when the 
trough member 42 is lowered. 

The means for raising and lowering the trough 
member 42 of the tunnel 10 v/ill be described below 
and form the subject of our copending application 
entitled "Food Freezing Tunnel" having the same 
date as this application. This means is largely 
incorporated into the support frame 80 for the 
tunnel 10 and thus relatively unrestricted downward 
travel of the trough member 42 is made possible. 
As shown in Rgures 2 to 4 the frame comprises a 
plurality of pairs of opposed legs 82. The legs 82 
are mounted on adjustable feet 94. Each pair of 
opposed legs 82 is connected by a lower cross- 
beam 96 and are welded or otherwise secured to 
upper cross-msmbers 98 which in tijrn are welded 
or otherwise secured to the respective sides of a 
longitudinal beam 100. The roof member 40 is 
secured to the cross-members 98. All the legs 82 
on one side .of the tunnel 10 have a longitudinal 
strengthening member 102 extending therethrough 
and an analogous strengthening member 104 is 
provided for the legs on the other side of the 
tunnel. The legs 82, cross-beams 96. cross-mem- 
bers 98 and longitudinal beam 100 are all typically 
hollow. There is preferably one pair of legs 82 and 
associated cross-beam 98 and cross-members 98 
at or near one end of the tunnel, and another pair 
of legs 82 and associated cross-beam 96 and 
cross-members 98 at or near the other end of the 
tunnel. Typically, the longitudinal spacing between 
adjacent legs of the tunnel is in order of lOft. Thus 
a freezing tunnel-that is 20ft long will have three 
pairs of legs 82, a tunnel that is 30ft long will have 
four pairs of legs' 82, and a tunnel that Is 40ft long 
will have five pairs of legs 82, and so on. (It should 
be noted that in Figure I many of the structural 
elements of the frame are omitted for purposes of 
clarity of illustration.) 

In the event that there is an odd number of 
pairs of opposed legs 82. each of the central pair 
of legs 82 houses in its hollow interior mechanical 
means effective to raise and lower the trough sec- 
tion 42 and the rest of the legs carry counter- 
weights to facilitate the raising and lowering of the 
trough section 42. In the event that there is an even 
number of pairs of opposed legs 82. the legs of 
one of the two more central pairs each houses in 
its hollow interior mechanical means effective to 
raise and lower the trough section 42 and the rest 
of the legs carry counten/veights to facilitate the 
raising and the Ipwering of the trough section 42. 



Referring now to Figure 4 of the drawings, a 
cross-beam 95 houses an electric (DC) motor 105 
which drives a pair of horizontal shafts 107 extend- 
ing out of opposite ends of the motor housing. 

5 (Only one shaft is shown In Figure 4.) Each shaft 
104 at its end remote from the motor 102 extends 
into and ends in the interior of a leg 82 joined to 
the cross-beam 96 having the motor 105 and shaft 
107. The end of each shaft carries a suitable worm 

70 wheel (not shown) which co-operates with a com- 
plementary pinion IDS mounted on the vertical 
screw-threaded shaft 110 of jack means 108 housed 
in the respective leg 82. Each shaft 110 carries a 
complementary screw-threaded nut 112 to which is 

75 secured one link of a chain 114 that extends around 
upper and lower pulley wheels 116 and 118 housed 
within the frame 80. Another part of the chain is 
secured to a flange 120 extending outwards from 
the trough member 42. The arrangement is that the 

20 part of the' chain 114 that is secured to the trough 
member 42 is on the opposite side of the pulley 
wheel 116 and 118 to the link that is secured to the 
nut 112. Thus, by operation of the motor 105, the 
trough member 42 may be jacked up and down. 

25 . The motor 105 rotates the shaft 107 which in turn 
rotates the screw-threaded shaft ,110, thereby caus- 
ing the screw-threaded nuts 112 to travel up or down 
-the shafts 110 according to the direction of rotation 
of the shafts 110. Travel of each nut iI2 up its shaft 

30 110 pulls the chain 114 in a clockwise direction, 
thereby lowering the trough section 42. By revers- 
ing the direction of rotation of the motor 105, each 
nut 112 may be caused to travel down the shaft 110 
thereby raising the trough member 42 into engage- 

35 ment with the roof member 40. Limit switches (not 
shown) may be employed to deactivate the electric 
motor 105 when the trough section reaches its 
topmost and bottommost positions. It is not essen- 
tial to employ an electric motor to drive the screw- 

40 threaded shafts 110. For example, a manual drive 
through a suitable gear box could be alternatively 
employed. It is, however, desirable to employ a 
single drive means for the jacks i08 to ensure, that 
they are raised and towered in unison. 

45 Those legs 82 of the frame 80 that do not 

house a screw-threaded shaft 110, house counter- 
weights instead. Each counterweight comprises a 
hollow container 121 which is able to be filled with 
lead shot or other kind of weights. (The coun- 

50 terweights may alternatively each comprise a sup- 
port rod onto which weights can be loaded.)The 
upper end of the container 121 is secured to one 
end of a length of chain 122 which extends over a 
pulley wheel 124 located within ~the frame 80 and 

55 which at its other end is secured to a flange 126 
projecting from the side of the trough member 42. 
Accordingly, the counterweights oppose any ten- 
dency for the ends of the trough member to fall. 
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when being lowered, at a greater speed than the 
centre of the tunnel, that is they resist any ten- 
dency for the trough member to buckie or bow 
during lowering. Similariiy, when the trough section 
42 is raised again, the weight of the counterweights 
tends to assist' the upward travel of the trough 
member 42, thus keeping down the amount of 
power that the motor 102 needs to apply in order to 
raise the trough member 42. thereby adding to the 
safety of the tunnel. 

Since the trough member 42 has a centre of 
gravity that lies on an axis remote from the axes of 
the wormed shafts 110, during periods in which the 
electric motor 102 is not operated each nut 112 will 
naturally be locked in position in its shaft 110. and 
accordingly the trough member will be held finri. 
Moreover, when the trough member 42 is in its 
.upper position, the counterweights apply a bias to 
the trough member which helps to maintain a fluid- 
tight seal between it and the roof member 40. 

If desired, in order to facilitate cleaning of the 
tunnel, it may be arranged that the floor of the 
trough section 42 slopes from entrance to exit, or 
vice versa, at a small angle to the horizontal, say, a 
half a degree or one degree. Additionally, the floor 
43 of the trough section 42 and the floor 71 of the 
sleeve 70 may be provided with inclined surfaces 
128 and 130, respectively, that slope downwards 
from the sides 50 and 72, respectively, towards the 
longitudinal axis of the floor of the trough section 
42. 

The tunnel may also be provided with guides 
132 on its legs 82 so as to guide the upwards and 
downwards travel of the trough member 42. 

Various changes and modifications may be 
made to the tunnel shown in Figures I to 6. 

For example, referring to Figure 7. it is possi- 
ble for the floor 71 of the sleeve 70 to be located 
between the upper and lower runs of the conveyor 
belt rather than underneath the lower belt run as 
shown in Figures 2' to 4 and 6. Accordingly, the 
hanger 90 are each formed in two pieces 140 and 
142. The piece 140 carries one end on upper con- 
veyor belt support rod 86 and the piece 142 carries 
the corresponding end of a lower conveyor belt 
support rod 88. The pieces 140 and 142 have com- 
plementary flanges 144 and 146 respectively, be- 
tween which the' sleeve 70 extends. The flanges 
144 and 146 are bolted together and thus both rods 
86 and 88 and the sleeve 70 are secured to the 
roof member 40 (not shown in Figure 7). One 
advantage of this arrangement is that the extent of 
the sleeve is no longer limited by the belt catenary 
and thus the sleeve 72 can extend substantially 
from the entrance to the exit end of the tunnel. One 
advantage of such a construction is that it effec- 
tively reduces the volume of the tunnel that is 



available to the cold nitrogen vapour and aid recir- 
culation of cold vapour within the inner sleeve. 
Thus, good utilisation of the refrigeration available 
from the liquid nitrogen is facilitated. 
5 It is also possible to connect the nut 112 of each 

Jack means 108 directly to the trough member 42 
rather than employing the intermediate means of a 
pulley-and-chain (as shown in Figure 4), An ar- 
rangement in which a nut 112 is connected directly 
10 to the trough member is shown in Figure 8. from 
which the frame 80 has been omitted for purposes 
of clarity of illustration. 

In a further and preferred modification, shown 
in Figure 9 which illustrates the lifting mechanism 
15 for the trough, with the trough, roof member, and 
the supporting framework of the tunnel all not 
shown, for the sake of clarity of illustration, there 
are two longitudinal shafts 150 extending parallel to 
one another. One shaft 150 supports those of the 
20 pulleys 116 and 124 on one side of the tunnel, while 
the other shaft 150 supports the remaining pulleys 
116 and 124 on the other side of the tunnel. 

Thus, by mechanically linking the counter- 
weight supports, the driven screw-threaded shafts 
25 110 can be located at any pair of tunnel legs. The 
most convenient pair of legs for such location of 
the drive mechanism is at the (food) exit and of the 
tunnel where owing to the slope of the trough the 
clearance between the trough in its lowered posi- 
30 tion and the floor is the greatest, thus facilitating 
accommodation of motor 105. Moreover, the shafts 
124 ensure synchronisation of the movement of the 
counterweights 121 and prevent any tendency for 
the trough to slew. The pulleys 116, 118 and 124 are 
35 typically formed as sprockets. The shafts 150 are 
preferably accommodated in longitudinal 'hollow ■ 
beams (not shown) similar to the beams 102. There 
As a single drive shaft 107 with a chain drive. 152 
from motor 105 which runs off alternating current 
40 107. Plates or blocks 154 are provided to attach the 
counterweights 121 to the trough (not shown in Fig- 
ure 9). 

In Figure 10 there is shown an embodiment of 
the tunnel in which the inner trough 70 passes 

45 between belt runs in the manner shown in Figure 7. 
Referring to Figure 10. the hinged sides 72 of the 
trough are provided with projecting members 167 
which bear against the respective walls 50 of the 
trough 42. Accordingly, there is a positive pressure 

50 exerted by the sides 72 on the. abutting arm of the 
- rail 74 when the tunnel is in its upper position, 
thereby providing a substantially gas tight seal 
between each hinged side 72 and its adjacent rail 
74. An advantage of this arrangement is that as the 

55 tunnel is cooled down in operation, differential con- 
traction of the inner and outer skins of the trough 
member which tends to reduce the gap between 
the walls 50 and the side 72, increases the pres- 
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sure in the members 167, thus improving the gas 
sealing. Typicaily. when the trough 42 is in its 
upper, or operating, position there is no direct 
contact between . the roof member 40 and the 
trough member 42 and in particular there is a s 
clearance between the faces 52 and 54 of the 
trough member 42 and the complementary faces of 
the roof member 40. 

Engagement of the roof member 40 at the 
tunnel with the trough member 42 is through the w 
rails 74 and the sides 72 of the Inner trough 70. 
The seals so defined are sufficient to minimise 
leakage of cold gas from the tunnel to me ambient 
environment. Preferably, as shown, the downwardly 
depending arm of each rail 74 slopes from top to 75 
bottom toward the adjacent side 50 of the trough 
member 42 so as to facilitate its engagement with 
the adjacent side 72 of the trough 70.' Cover strips 
169 are provided on the roof edges to minimise air 
flow into the space between the roof 40 and the '20 
inner trough 70. The cover strips may be flexible 
and if desired contain an elastomeric seal. 

When the trough member 42 is lowered (see 
the right hand side of Figure 10) the sides 72 of the 
inner trough 70 fail under gravity. When the trough 25 
40 is raised again the trough carried the sides 
upwards until at the end the upward travel of the 
trough 42 the sides 72 reassume their upright 
positions in which they bear against the respective 
rails 74. The region of each side 72 that rests on 30 
the trough 42 in its lowermost position has a wear- 
resistant strip 168 applied thereto. 



Claims 35 

1. Apparatus suitable for freezing food, compris- 
ing a tunnel defined by an outer trough member 
and a roof member; a conveyor extending through 

the tunnel from its entrace to its exit and having an 40 
upper run and a lower run; means for introducing 
liquefied gas into the tunnel; means for creating in 
the tunnel turbulence in cold gas formed as a result 
of vaporisation of the liquefied gas; and an inner 
trough member spaced from the outer trough, hav- 45 
ing a floor extending underneath the upper run of 
th^ conveyor and having sides which prevent direct 
impingement of liquefied gas onto the outer trough 
and v/hich co-operate with said roof member to 
inhibit the passage of cold gas from within said 50 
inner trough member over said sides. 

2. Apparatus as claimed in claim I. in which the 
sides engage the roof or complementary projec- 
tions therefrom. 

3. Apparatus as claimed in claim 2, in which 55 
the roof member has a pair of elongated downward 
projections or lugs, each of which engages one 
face of a resilient stainless steel sealing member. 



another face of said sealing member being en-- 
gaged by the inner trough member, whereby a 
fluid-tight seal is formed between the inner trough 
nnember and the roof member. 

4. Apparatus as claimed in claim I, in which 
there is no direct contact between the outer trough 
nnember and longitudinal sealing members depend- 
ing internally from the roof member, said outer 
trough member being adapted to bias the sides of 
the inner trough. 

5. Apparatus as claimed in any one of the 
preceding claims, in which the outer trough mem- 
ber is separable from the roof member. 

6. Apparatus as claimed in claim 5, in which 
the outer trough member is vertically reciprocabfe 
between an upper position in which it engages said 
roof member and a lower position in which access 
is able to be gained to the interior of the tunnel 
through the sides thereof. 

7. Apparatus as claimed in claim 6. in which in 
said upper position there is no fluid-tight seal be- 
tween said trough member and said roof member. 

8. Apparatus as claimed in claim 6 or claim 7, 
in which the outer trough member in its upper 
position makes an engagement with the roof mem- 
ber at a level above the upper conveyor run. 

9. Apparatus as claimed in any one of claims 6 
to 8, in which some parts of each side of the inner 
trough are hinged, whereby when the outer trough 
is in its lower position said parts are able to be 
lowered to permit access to be gained to the 
interior of the inner trough. 

10. Apparatus as claimed in any one of the 
preceding claims, in which the inner trough extends 
from a region at or near the entrance to the tunnel 
to a region at or near the exit from the tunnel. 

|I. Apparatus as claimed in any one of the 
preceding claims, in which the floor of the inner 
trough extends between the upper and lower con- 
veyor runs. 

12. Apparatus as claimed in any one of claims I 
to 10, in which the floor of the inner trough extends 
underneath the lower conveyor run. 
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